Background: This study examined both objective and subjective measures of driving behaviors occurring in the past 5 years for 47 individuals with traumatic brain injury (TBI) and 22 healthy controls (HC), matched for age, gender, education, and years of driving experience. Results: Overall, subtle descriptive differences in driving characteristics were observed between the two groups. However, comparison of self-reported and documented reports of aberrant driving behaviors did not reveal a significantly greater number of accidents or violations among TBI participants compared with HC drivers. The results suggest that individuals with TBI, who successfully complete a driving evaluation program, are able to reintegrate into the driving community with minimal difficulty.
T HE PRIVILEGE to drive an automobile has become an integral part of modern life. Survivors of traumatic brain injury (TBI), however, can be faced with long-term cognitive, behavioral, and/or physical deficits that can have a negative impact on their ability to competently operate an automobile. [1] [2] [3] [4] [5] It has been estimated that 38% to 78% of individuals with TBI seek and obtain driving privileges after their injury. [6] [7] [8] Despite these estimates, relatively little attention has been given to the evaluation of post injury driving behaviors and experiences after TBI.
Although the ability to return to driving an automobile after a major disability can mark a coveted milestone for recovering individuals, the determination of capacity to drive after neurological involvement poses a complex issue for treating clinicians. Subsequently, procedures such as medical evaluations, neuropsychological assessments, simulated driving, and behind-the-wheel evaluations are commonly used for the determination of driving capacity and the classification of those who should and should not return to driving. 9, 10 However, the sensitivity and specificity of these measures have been strongly criticized. 11, 12 Furthermore, the scarcity of data examining post injury driving behaviors after TBI, leaves clinicians with little available data on the efficacy and usefulness of these measures. As such, our understanding of driving behaviors and characteristics of individuals with TBI remains limited.
Although much of the previous work examining driving among persons with TBI has focused on evaluation and retraining issues, a handful of studies have examined behaviors after return to driving. These studies have most commonly focused on issues of prevalence (ie, percentage of active drivers with TBI 8 ) or the examination of only motor vehicle accidents or violations post injury. 13, 14 However, all prior studies have been limited in that they have relied solely on either motor vehicle records or self-reports of driving experiences.
Although results of self-report questionnaires have documented that individuals with brain injury do not report a significantly higher number of post injury motor vehicle accidents or violations, 6, 8, 15 these subjective accounts may not reflect actual driving behaviors. On the other hand, research relying solely on motor vehicle records has yielded mixed results. For example, one study reported a lack of greater relative risk for accidents or violations among people with TBI compared with controls.
14 In contrast, another study found a greater risk for both accidents and receipt of citations and violations 13, 16 in persons with TBI compared with healthy controls. Overall, reliance on motor vehicle records alone is limiting in that these only provide information on accidents that have been reported, as well as only major violations. Other driving-related behaviors (eg, including unreported minor accidents, unsafe behaviors) are not available and perhaps may serve as a more sensitive measure of driving behavior, given the relatively low risk of accidents and major violations. 13, 16 Finally, prior studies examining return to driving have been limited by the fact that investigators commonly included a mix of neurologically compromised populations, such as stroke, TBI, anoxia, and hydrocephalus 6, 8, 14 in their evaluations. Thus, the findings from these studies are often ambiguous with regard to specific patient populations (ie, TBI).
The goal of this study was to address the limitations of current reports of return to driving behavior, specifically in persons with TBI. To do this, we used both subjective (telephone questionnaire) and objective (motor vehicle records) outcome measures of driving behavior and limited our patient population specifically to persons with TBI.
METHODS

Participants
Participants included 47 individuals with a TBI and 22 healthy controls (HC). TBI participants were recruited from a pool of people who had successfully completed a driver reevaluation, within the past 5 years, at the Kessler Institute for Rehabilitation Driving Program located in northern New Jersey. The Kessler driver evaluation is a comprehensive, multilevel, assessment program, which uses a pre-driving evaluation (ie, cognitive and perceptual tests, visual and reaction time measures, and questionnaires), as well as a JOURNAL OF HEAD TRAUMA REHABILITATION/FEBRUARY 2002 behind-the-wheel evaluation (ie, driving on the road) to determine readiness to return to driving. This study included only individuals who were diagnosed with TBI as determined by records obtained through the Kessler Institute Driving Program.
Only individuals who successfully met criteria to pass both the pre-driving and behindthe-wheel components of the Kessler Driver Evaluation were included in the study. Individuals who did not pass were excluded, because it was anticipated that they had not returned to driving. Participants with TBI ranged from 6 months to 22 years post injury (M = 4.60; SD = 4.61) and 6 months to 5 years (M = 2.14; SD = 1.14) after driving reevaluation. Variability in time post injury was anticipated, given the fact that many participants reported delaying the pursuit of licensure until comple- tion of other rehabilitation priorities, which in many cases involved several years.
HC subjects were recruited from hospital staff and from advertisements. Inclusion criteria for the HC group were men and women, age 18 years and older, with a minimum of 1 year driving experience and no history of prior neurological involvement (eg, brain injury). Table 1 summarizes demographic information and driving experience for both groups. Despite a disparity in group sample sizes, the HC and TBI groups did not differ significantly in mean age (t (66) driver reevaluation (85.1%, n = 40). Among those individuals (n = 7) who elected not to return to driving, 28.6% (n = 2) reported being fearful of driving, another 28.6% (n = 2) believed that their deficits caused them to be hazardous on the road, and the remaining respondents could not afford their insurance (14.3%, n = 1) or simply did not bother to reinstate their license (28.6%, n = 2). In regard to driving experience, most TBI participants reported driving between 5 and 7 days per week (n = 20, 69.0%), which was statistically less than the number of HC participants (90.9%, n = 20) who indicated driving the same amount (χ 2 = 11.17; p = .05). In regard to type of driving, the groups were not significantly different in the percentage of participants who indicated driving either exclusively on highways or on local roads. However, a significantly higher percentage of the HC group reported driving 50/50 (50% local roads and 50% highways) compared with drivers with TBI (χ 2 = 4.70, p = .05).
Procedure
All participants consented to answer a telephone questionnaire aimed at assessing their driving experiences and were informed that study participation required obtaining motor vehicle records, for which they provided consent. Participants were paid a nominal fee for their participation in the survey.
Outcome measures
A telephone questionnaire was developed to obtain self-reported measures of driving behavior and characteristics. The questionnaire was developed by the principal investigator in conjunction with two certified driving specialists, each with a minimum of 10 years of professional experience as a rehabilitation driver evaluator. To standardize the time period assessed and to maintain consistency with our objective measures, participants were asked to limit their responses to incidents occurring only in the 5 years before the survey or since their driving evaluation. The questionnaire asked participants to indicate either "yes" or "no" to the following five items: (1) "Is your license valid?", "Since completing your driving reevaluation, have you had any (2) motor vehicle violations, (3) reported accidents, (4) unreported accidents, or (5) unsafe driving situations. Participants who answered "yes" to having a violation, accident, or unsafe driving behavior subsequently were asked to indicate the frequency with which these incidents occurred. Motor vehicle violations were defined as including any moving violation for which the participant received a ticket.
Reported accidents included situations in which a participant was driving and he or she was involved in an accident that was documented by police or an insurance agency, whereas unreported accidents were situations in which the participant was driving and he or she was involved in an accident that was not reported to police or an insurance agency. Unsafe driving situations included a variety of possible unsafe behaviors that occur while behind the wheel, such as speeding, driving while intoxicated (ie, drugs or alcohol), or driving while overtired. Finally, participants were asked to indicate their selfperceived driving ability by asking, "If you were asked to rate your overall driving ability on a scale from 1 to 5, where 1 indicated poor ability and 5 indicated excellent ability, how would you rate yourself?" From the questionnaire, a total number of self-reported violations, reported accidents, unreported accidents, and unsafe driving situations were recorded for each participant, along with the self-perceived rating of driving ability. 
Data analysis
Descriptive statistics were used to help define general driving characteristics for each group (ie, reasons for driving, self-imposed driving limitations). Inferential statistics were not calculated for these individual variables, because each had a low frequency of response rate.
Inferential statistics were used to analyze group differences on the identified subjective and objective variables of driving behavior (eg, accidents, violations, unsafe driving situations). Because incidence was highly skewed, variables were converted into binary format. That is "none" versus "one or more" for each of the variables (violation, reported/unreported accident, or unsafe driving situations). Nonparametric methods were then used for analysis. Specifically, frequency counts were compared using χ 2 analyses and Fisher's exact tests. To more clearly express the degree of association between group and likelihood of violation, reported/unreported accident, or unsafe driving situations, odds ratios were calculated for data derived from the subjective measures. Odds ratios were not calculated for the objective measure (ie, Department of Motor Vehicle [DMV] records) because of the high frequency of null values within the cells.
RESULTS
The database of potential participants consisted of a total of 98 people with TBI who participated in the complete Kessler driver reevaluation (ie, both the prescreening and the behind-the-wheel components). Of these people, 47 agreed to complete the survey and have their DMV records reviewed, yielding a response rate of 48.0%. The remainder of people could not be reached by phone (n = 49, 50.0%) or were unable to comprehend directions for answering the questions of the survey (n = 2, 2.0%). None of the people contacted refused to participate in the study.
Descriptive statistics of general driving characteristics
Comparisons of descriptive findings of general driving characteristics for both the TBI and HC were examined. Specifically, in regard to driving preferences, participants were asked whether they drove alone, with another person, or 50/50 (50% alone and 50% with someone). Among TBI participants, 70% (n = 28) reported driving alone compared with 50% (n = 11) of the HC participants. Both groups were relatively equal in how frequently they drove with another person (TBI: 10.0%, n = 4; HC: 9.0%, n = 2), whereas 20% (n = 8) of the TBI group reported driving 50/50 (ie, 50% alone, 50% with another person) compared with 41% (n = 9) of the HC group.
Participants were also asked to indicate reasons for driving. Overall, both groups reported driving for a variety of reasons of which driving to and from work (TBI: 16.0%, n = 24; HC: 72.7%, n = 16), driving to complete errands (TBI: 82.5%, n = 33; HC: 59.1%, n = 13), and driving to pursue leisure activities (TBI: 45.0%, n = 18; HC: 81.8%, n = 18) were the most commonly reported.
Finally, participants were asked whether they practiced any self-limitations to their driving and were provided examples (eg, electing to not drive at night, avoid inclement weather or rush hour). Among people in the TBI group, 37.5% (n = 15) indicated that they limited their driving in at least one manner compared with 18.2% (n = 4) of the healthy controls. Table 2 summarizes self-report data on violations, reported accidents, unreported accidents, and unsafe driving situations for both TBI and HC participants. Overall, most TBI participants reported no violations after their driver reevaluation (n = 25, 62.5%), whereas a relatively small percentage received one or more violations (n = 15, 37.5%). A similar pattern was observed in the HC group, who did not differ from the TBI group in their selfreport of violations (χ 2 = 0.07, p = .79). Comparable results were found for the number of reported accidents (ie, to police or insurance agencies), in which most partic- Participants were also asked to indicate their perception of their driving ability on a 5-point Likert scale, where 1 was poor driving ability and 5 was excellent driving ability. The results indicated that, regardless of group, all participants self-rated themselves as having excellent or nearly excellent driving skill (TBI: M = 4.29; SD = 0.75; HC: M = 4.45; SD = 0.49). Thus, the TBI group had strong confidence in their driving skill, which did not differ from the beliefs of the HC group.
Comparison of subjective measures---violations, accidents, and unsafe driving behaviors
Comparison of objective measures---points, violations, and accidents
As a comparison to the self-report measure, state DMV records were obtained for each participant. Table 3 summarizes the data obtained from DMV records for each group. Overall, examination of the records revealed that slightly more people in the TBI group earned points on their license than people in the HC group (TBI = 8.1%, n = 3; HC = 0.0%, n = 0), although this did not reach statistical significance ( p = .55). Interestingly, examination of DMV-reported accidents revealed that, with the exception of one person in the HC group, no participant in this study was involved in a documented motor vehicle accident during the period surveyed. This result was inconsistent with self-report data, which indicated far more accidents across both groups (No. of accidents: Self-report: TBI = 10, HC = 6; DMV: TBI = 0, HC = 1). Finally, examination of documented violations revealed that members of the TBI group had slightly more violations (10.8%, n = 4) than participants in the HC group (0.0%, n = 0), although this result also did not reach statistical significance ( p = .57).
DISCUSSION
This survey sought to examine post injury driving behaviors of individuals with TBI. To the best of our knowledge, this is the first study to specifically focus on TBI and use both objective and subjective measures of driving. Overall, the results suggest that despite some subtle differences in self-reported driving characteristics, individuals with TBI who return to driving after completion of a comprehensive driving evaluation do not demonstrate a significantly higher number of motor vehicle violations or reported/unreported accidents on the basis of either subjective or On the basis of the measures evaluated, these results may suggest that drivers with TBI, who completed a comprehensive driving evaluation program after their injury, are able to reintegrate into the driving community with minimal to no difficulties. Furthermore, the results comparing less conventional measures of driving (ie, unsafe driving situations), which typically are not available through documented records and are less frequently examined, revealed that drivers with TBI report a significantly lower frequency of engaging in behaviors that may impede their driving capacity compared with HC.
Interestingly, these results may suggest that drivers with TBI are capable of recognizing changes or difficulties in their driving capacity and may be implementing compensatory strategies. That is, as demonstrated by the results, some drivers with TBI (14.9%, n = 7) independently elected to not return to driving after successful completion of a comprehensive driving evaluation. Furthermore, a substantial percentage of persons with TBI who resumed driving, reported imposing selflimitations on their driving post injury (37.5%, n = 15). Similarly, when queried about unsafe driving situations, drivers with TBI reported significantly less incidents than HC, possibly suggesting less risk taking by those individuals with TBI who resumed driving.
In the sample, a large percentage of individuals with TBI returned to driving after their injury (85.1%). This is somewhat higher than previously reported estimates, which suggest that between 38% and 78% of persons with TBI reobtain driving privileges. 8, 17 The discrepancy might be due in part to the fact that this study only surveyed persons with TBI who successfully completed a comprehensive driving evaluation post injury. In addition, the drivers with TBI demonstrated similar driving characteristics as HC drivers with only slight variation. That is, they reported similar reasons for driving (ie, work, leisure) and similar types of driving (highway, local, etc.). However, a slightly smaller percentage of the TBI drivers reported a high frequency of driving (ie, approximately 5-7 days per week) compared with HC drivers. Furthermore, TBI drivers reported driving alone somewhat more frequently than HC drivers.
Although these findings may support the notion that successful return to driving after TBI can be accomplished, it is important to note that all of the individuals in our sample had completed a comprehensive, multilevel driver evaluation program. As such, our findings may not be generalized to apply to all individuals with TBI who resume driving. Although this study did not compare TBI subjects that did or did not go through a driving evaluation, these data may provide indirect evidence that a comprehensive, multilevel driving evaluation can be beneficial for determining driving capacity.
This study was the first to incorporate the use of both objective and subjective driving measures. Of note, when examined separately, the subjective findings were consistent with previous studies. 8, 15 However, the objective findings were in contrast to some prior studies that have reported increased numbers of motor vehicle accidents and violations among drivers with TBI. 13, 16 The differences in findings between these two types of measures may support the importance of incorporating both types of measures for more detailed evaluation of driving behaviors and patterns. For example, within our sample, it can be argued that DMV records slightly underrepresented driving behaviors and experiences, because they did not contain information on unreported incidents and unsafe driving behaviors.
Limitations of this study include the small, nonrandom sample and the inability to JOURNAL OF HEAD TRAUMA REHABILITATION/FEBRUARY 2002 determine level of injury for TBI participants, which may both reduce generalizability beyond our sample. However, given the diversity of approaches in assessing driving ability, this study along with future studies examining outcome from other driving assessment programs could serve to initiate the identification of beneficial commonalties in driving assessment approaches. This study also only examined performance by individuals who had successfully completed a driving evaluation and did not include those individuals who returned to driving without a comprehensive evaluation or other type of driving evaluation. Comparing drivers with TBI who had and had not completed such an evaluation would be fruitful. Furthermore, among TBI respondents, questions regarding ability to accurately self-report and distinguish between the various driving behaviors (ie, reported v unreported accidents) can be raised.
This study attempted to minimize this by providing very specific definitions of behaviors and by attempting to obtain information from significant others. However, for the current sample, the latter was not available. Future studies, incorporating reports from significant others, would be beneficial for confirming self-reported behaviors.
Given the tremendous impact that the loss of driving privileges can have on vocational, social, and emotional aspects of life and the difficulty in determining driving capacity, it is important to closely examine how individuals with TBI fare after driving evaluations to better define current driving determination procedures. The current findings suggest that individuals with TBI who return to driving after a comprehensive, multilevel evaluation can reintegrate into the driving community with minimal to no difficulties.
